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(57) An adsorbent for separating gases, which com- 
prises a binder and a crystalline low-silica fauJasHe type 
zeolite with a SiOj/AljC, molar ratio of from 1.9 to 2.1. 
wherein the average pore diameter of the macrapores is 
equal to or larger than the mean free path of an adscib- 

ponant from the adsorbent, and at least 70% of the total 
volume of the maaopor es is occupied by macropores 
having a diameter equal to or larger than the mean free 
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The present invention relates to an adsorbent far separating gases to separate a gas mixture having a com- 
t which is easily adsorbed (adsorbable component) and a component which Is hardly adsorbed (adsorption 
.nt component), and a process for producing it. Particularly, the adsorbent for separating ga 




ce generation ofNOx which is 

in air, oxygon-enriched combe-'' 

like, and oxygen gas is becoming important ft 
[0003] Asanind 
« brans separation method ha 

oxygen gas and coat, is increasingly used. The method tor producing oxygen gas by PSA is to adsorb nitrogen ga's in 
air on an adsorbent, and obtain the remaining concentrated oxygen gas as a product As the adsorbent to be used, an 
adsorbent capable of selectively adsorbing nitrogen gas is employed. 

[0004] In the case ol separating a gas mixture by using a crystalline zeolite, the adsorbable component is selectively 

20 adsorbed on the crystalline- zeolite. For example, in the case of producing oxygen gas from air by using PSA method, 
nitrogen in Ihe air is selectively adsorbed on the crystalline zeolite to carry out separation of the air. Selective adsorption 
of nitrogen on the crystalline zeolite is due to the strong interaction between quadruple moment of nitrogen and elec- 
trostatic force of attraction of cations in the zeolite. Therefore, for PSA method, a crystalline zeolite Is used wherein elec- 
trostatic force of attraction of cations is high and the amount of nitrogen adsorbed is large, and on adsorbent having A- 

25 type or X-type zeolite ion-axchartged with e.g. lithium cations, calcium cations, strontium cations or barium cations is 
used. Particularly, littiiurn-exchangsd cryslaline zeolite X whfch is ion-exchangrsd with lithium cations, is excellent kl 
selective adsorption of nitrogen, and used as a crystalline zeolite to obtain concentrated oxygen by PSA method. 
[0005] For example. US- A-S, 1 40,933 proposes a lithium-exchanged crystalline zeolite X which is excellent in the equi- 
librium amount of nitrogen adsorbed and the separation factor calculated from the adsorption isotherm of nitrogen and 

w oxygen, and JP-B-5-25527 reconfirms its performance. 

[0006] In general , separaton of a gas mixture is conducted in a packed bed, and it is preferred that the pressure drop 
in the packed bed is small. For example, in me case of separating gases by PSA method, in order to decrease the pres- 
sure drop in the packed bed and reduce the load to the vacuum pump or the blower constituting the PSA apparatus, the 
crystalline zeolite is farmed into beads or pellets by using a binder, e.g. an inorganic binder such as silica sol or alumina 

55 sol. An wg^caooTtlve may be used der^lrxjurxintrw purpose. In the agatomerats, a network of 
formed by the crystalline zeolite and the binder. When the adsorbable cenponent is adsorbed on 



[0007] For example, a 
ons is used, and the mf 

: macropore vcJuma/rnicfopore volume ratio is from 1 to 4.5, and the macropore volume is from 0.3 to 0.7 ml/g (JP-A-SS- 
283Bt2) has been proposed. Further, a process for separating air by using an adsorbent wherein the porosity of the 
* 'he average diameter of macrcporas are controlled (JP-A-9-308810) has been proposed. 



on the crystalline zeolite, and to reduce the time of contacting the gas mixture with 
and no consideration is given to the phenomena when the adsorbed adsorbable cornponsnt is desorbed 
under reduced pressure. As adsorption and desorption are repeated in PSA method. In order to obtain the performance 
' only the diffusion rate of the adsorbable component when adsorbed, but 
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clay. Such an adsorbent has a higher resistance against gas diffusion in the inside of the agglomerate, and it is not pos- 
sible to effectively use the center portion of the adsorbent. 

[001 0] Adsorption of the adsorbabie component on the crystalline zeolite is an exothermic process. However, desorp- 
tion of Hie adsojbabJe component from the crystalline zeolite is an endothermic process, and a higher energy is 
required for desorptlon of the adsorbabie component than adsorption of the adsorbabie component. Accordingly, to 
obtain the desired gas separation performance, it is required to quickly evacuate the adsorbabie component desorbed 
from the crystalline zeolite to the exterior of the adsorbent. Particularly, in the case where the amount of the adsorbabie 
component adsorbed on the crystalline zeolite is large, in order to evacuate a larger quantity of the adsorbabie compo- 
nent to the exterior of the adsorbent during desorptlon, a higher desoiption rate Is required. A high adsorption rate when 
i adsorbing the adsorbabie component is ateo an important factor. Further, although the adsorbent tor separating gases 
is used in a state where water Is removed (activated state), the crystalline zeolite has a strong affinity with water, and 
there is a tear that water in the atmosphere may be re-adsorbed. If water remains inthe adsorbent dueto water adsorp- 
tion, the adsorption site for gas is occupied with water, thereby gas separation deteriorates, and the desired perform- 
ance is less likely to be obtained, 
i [0011] Fcjrerairpte, in the rase of using lithium^^ 

air by PSA method, since the amount of nitrogen adsorbed is large, it is necessary to adsorb and deso 
amount of nitrogen as compared with the case of using a crystalline zeolite exchanged with ag. calcium, < 
of nitrogen during adsorption and desorption is adequately improved, the adequate pant 



i ens, adsorption and desorption of nitrogen in a short period of time is required, and an adequate performance cai 
be obtained unless an adsorbent is used wherein the diffusion rate during adsorption and desorption is improved. Fur- 
ther, in order not to deteriorate the performance of the adsorbent itseH. it is required to make the water content in th e 
adsorbent as small as possible. 

[001 2] It is an object of the present invention to provide an adsorbent for separating gases which is excellent in the 
i diffusion rate of the adsorbabie component during desorption, and which has micropores having an average pore 

sumption by PSA apparatus, for separating gas mixture, particularly for separating oases by PSA method. It is also the 
object of the present invention to provide an adsorbent for separating gases which has macrcpor es advantageous (or 
adsorption and desorption of the adsorbabie component, and at the same time which is excellent in strength properties 
' represented by crush strength, and which has a small watBr content. Further, the present invention is to provide a proc- 
ess far easily producing such an adsorbent for separating oases. 

[001 3] These objects have been achieved by the surprising finding that, due to studies on the macropore structure of 
the adsorbent for separating gases and the diffusion of the adsorbabie »rnponertt In the macropores, an adsorbent tor 

ratio of from 1 .9 to 2.1 , wherein the average diameter of the macropores is equal to or larger than the mean free path 
of an adsorbabie component when dec orbing the adsorbabie corrponent and at least 7D% of the total volume of the 



diffusion rate of the adeorbable component during desorption. Further, they have for. 
' separating gases can be obtained by adding water to a crystalline low-silica faujasite type zeolite with a SiOj/AlsOj 
molar ratio of from 1.9 to 2.1 , and from 5 to 30 parts by weight of a binder based on 1 00 parts by weight of the crystalline 
' - ' 'ite as dried, so that the bulk density is from 0.8 to 1 .0 kg//, followed by kneading, agglom- 




ent during the desorbing step is larger than during the adsorbing step. Therefore, in the case where the average pore 
diameter of the micropores is smaller than the mean free path of the adsorbabie component when desorbing the 
adsorbabie component, or in the case where less than 70% of the total volume of the macropores is occupied by macro- 
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ance in the inside of the macropores of Die adsoibable component Is large, whereby the adequate performance of the 
adsorbent for separating gases can not be obtained. 

[001 7] Further, it is preferred that the adsorbent for separating gases has a to 
cc/g and a pore surface area of at least 20 rrr/o. Usually, the major part of the n 
rating gases is oecivied by pores having a pore dameter of at least 1.0"" ' ' 



rt during adsorption can be made small, as the mean free 
during the adsorbing step wherein the pressure is high. 
[001SJ Trie macropores in the adsorbent for separating gases of the present (mention are pores having a pore diam- 
eter within a range of from 60 A to 200 um, as measured by the method of mercury penetration within a pressure range 
i of from 1 to 30,000 psi. The average pore diameter of the macropores can be obtained from relation between the pore 
diameter obtained by them,- 

diameter at 50% of the total pore volume (median diameter) or 

ith can be calculated from the 
mt by PSA mi 

ALBERTY PHYSICAL CHEMISTRY (fourth edition), 312-314. by ROBERT A. ALBERTY; KAGAKU-GUYUTU PUB- 

r separating gasss of tin 
i a SiOj/AljOs molar ratio of from 1 .9 to 2. 1 (hereinafter re 
molar ratio of »e LSX zeolite is theoretically 2.f " 

composition analysis, H is evident that the LSX zeolite having a composition wrl 
to 2.1 is within the range of the present invention. Many methods lor synthesizing a LSX zeolite with a SiCyAlgOa molar 
ratio of from 1 .9 to 2. 1 have been disclosed. For example, it is possible to synthesize the LSX zeolite by a method dis- 
] closed in JP-B-5-25527. 

[0021] In the case of using the LSX zeolite tor an adsorbent for separating gases, the higher the crystal purity of the 
LSX zeolite, the more excellent the separating efficiency, and the crystal purity of the LSX zeolite is preferably at r 
90%. Measurement of the crystal purity of the LSX zeolite can be carried ou' — - 



a binder of needlB crystals in the form of fibers is preferred to form ms 
sepiolfte day or attaputgite clay, and which exists, as a binder, among LSX zeolite particles in the adsorbent Such days 
may be used alone or as a mixture of two or more of them. 
> 10023] If a binder in the form of plates is used, there is a possibility hat the binder irJiabits diffusion of the adsorbabta 
component due to the shape Further, water Is not quickly removed during calcinating after forming, whereby there is a 
possibiHy that crystal of the LSX zeolite is destroyed. 

[0024] The adsorbent for separating gases of the present invention is preferably in the form of beads, and the shape 



[0025] With regard to the compositional ratio of the LSX zeolite to the binder in the adsorbent for separating gases of 

i tionaf ratio of the LSX zeolite is usually preferably from 5 to 30 parts by weight. 

[0026] It is preferred that the water content of the adsorbent for separating gases is as small as possible, and the 
adsorbent having a water content of at most 0.8 wt%. particularly at most 0.5 wt%. shows a satisfactory adsorption per- 
formance and is preferably used. 

[0027] Now, the process for producing the adsorbent for separating gases of the present invention will be explained. 
: [0028] The process comprises adding water to a crystalline low-sMra faujasile type zedite wim a SiOa/AlaOa rrolar 
ratio of from 1 .9 to 2. 1 , and from S to 30 parts by weight of a binder based on 1 00 parts by weight of the crystalline low- 
silica faujasite type zeolite as dried, so that the bulkdensity is from 0.B to 1 .0 kg/A followed by kneading, agglomerating, 



PAGE 27/40 * RCVDAT 1/22/2004 11:27:09 AM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-1fO " DN!S:i729306 ' CSID:S02 589 4994 * DURATION (mm-ss):12-52 



01/22/2004 11:38 FAX 502 583 4394 



l::gsu 



1 028/040 



EP094O174A2 



[0030] The starting malarial fa the synthetic LSX zeolite powder to be used for tile adsorbent for separating gases of 
the present invention is a (Na.K) type LSX zeolite synthesized by a method as disclosed, for example, in JP-B-5-255Z7. 
[0031 ] The synthesized LSX zeolite powder and the binder are mixed and kneaded while adjusting the amount of 
water to make the mixture uniform, and then adequately kneaded so that the bulk density is from 0.8 to 1 .0 knft. If the 
bulk density Is smaller than 0.8 kg//, compaction is not sufficient, bubbles are likely to form between mixed partides, 
whereby the granulation property tends to be low, If the kneaded product is excessively compacted to a bulk density of 
more than 1.0 kg«, the macropores In the adsorbent may be collapsed. 

'"" ' a high adsorption capacity and mate the physical strength of 

on 1 DO parts by weight of the <Na,K) tyr. 
proportion of the LSX zeolite increases, 
ever, the particle strength of the adsorbent tends to be we 
i the amount ot the binder blended is larger than 30 parts by weight, although the particle strength can be made high, the 
proportion of the LSX zeolite decreases, and the adsorption capacity of the absorbable component decreases when 

[0033] The amount of water added when kneading the LSX zeolite powder and the binder, vanes depending upon the 
properties of the LSX zeolite powder and the binder as the starting materials, or upon the proportion of them. However, 
the total amount of water added Is preferably within a range of from 60 to 65 parts by weight based on 100 parts by 
weight of the LSX zeolite powder. 



[0035] The kneaded mixture having a bulk density of from 0.8 to 1.0 kg// is agglomerated as follows. It is preferred 
that the mixture Is agglomerated by blade agitation granulation, since strong shear force can be given to the mixture by 
blade agitation as compared with the conventional tumbling granulation method, the binder added is dispensed uni- 

» formly, binder panicles adhere to the LSX zeolite particles and exist between the zeolite particles, to form macropores. 
The form of the agglomerate is not particularly limited so long as it meets a characteristic of the adsorbent for separat- 
ing gases of the present invention. It may be formed into a sphere or an elipse and it may, for example, be a agglomer- 
ate in the shape of beads having a size of from 0.5 to 5 mm. Further, in the ease where physical strength, particularly 
attrition strength is required for an application ae an adsorbent, the agglomerate is preferably in the shape of beads hav- 

« ing a high sphericity. It is possible to granulate the agglomerated spherical product by a known method such as using 
MARUMERIZER forming apparatus, to make the surface of the agglomerate smooth. 

[0036] The agglomerate In the shape of a pellet is agglomerated by extrusion in general. Although it is difficult to con- 
trol the macropores as compared whh the agglomerate in the shape of beads, it is possible to obtain the desired macro- 
pore structure, by using carbcxymethylcellulose or a polyvinyl alcohol which are known as forming aids, and the 
* agglomerate In the shape of a pellet can be used as an adsorbent for separating gases. 

[0037] The diameter of beads which is agglomerated and granulated can be changed depending upon appneaiions, 
and it is possible to classify the size by using e.g. a sieve. 



[0038] The agglomerate thus obtained is dried and calcinated, and IhB binder added was calcinated. Ae a method of 
drying and calcinating, a conventional method can be employed, and e g. a hot air dryer, a muff le furnace, a rotary kiln 
or a tube furnace may be used. The temperature of calcinating may be a temperature wherein the binder is calcinated 
and zeolite crystal is not destroyed so that the form of the adsorbent can be maintained. In general, the calcinating is 
conducted at a temperature of from 400 to 700-C. 

[0039] Further, calcinated agglomerate is cooled and may be humidified eo that the water content is from about 20 to 
about 30%. Although humidifying operation is not essential, It la effective to prevent breakage such as cracking of the 
agglomerate resulting from a sudden heating due to water-adsorbing when contacting with the km-exchange solution 
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[0040] Hie agglomerate formed and calcinated in the above steps, is contacted with an ion-exchange solution having 
cations such as Nthlum. potassium, calcium, strontium or barium, to conduct ion-exchanging. The type of cation can be 
selected depending upon the gas absorbed. For example, in the ease where nitrogen in the air is adsorbed to separate 
the air. lithium cation Is suitable. The compound to be used for lon-exchanglng Is not particularly limited so long as It 
to can be in a form of an aqueous solution, and a chloride, a nitrate, a sulfate or a carbonate may, for example, be prefer- 
ably used. 

[0041) As a method for ion-exchanging, batch method or column flow method Is usually employed. Tne batch method 
is suitable for uniform lon-exchanglng. In order to conduct effective ton-exchange by raising the proportion of exchange 
ion contacted, or to reduce the amount of on-exchange solution, It Is preferred to adjust the flow rate by employing the 
is column flow method. PartjcUarfy, In the case where ton-exchanging | S difficult such as ton-exchanging lithium cations. 

[0042] The temperature during Ion-exchanging is preferably as high as possible in order to improve the rate and effi- 
ciency of ion-exchange. It is usually from 50 to 100°C. 

[0043] Ths concentration of ion-exchange solution to be used is generally from about 1 to about 4M, considering the 
20 ion-exchange rata The ion-axohange solution is preferably alkaline so that LSX zeolite crystal is not destroyed during 
ion-exchanging, and it is generally adjusted to have a pH (hydrogen ion concentration) of from 9 to 12, by adding a 

[0044] After ion-exchanged as mentioned above, the agglomerate Is taken out from the ion-exchange solution, 
washed with water or hot water, and dried at a temperature of usually from about 30 to about 100*C. 



[0045] The agglomerate thus ion-exchanged is actuated to remove water, and the desired adsorbent for separating 
gases can be obtained. The purpose of activation is to remove water in the agglomerate. Water is removed under 
' reduced pressure or by caWnatfng. In general, removal of water by calcinating is preferably conducted. The conation 
of activation may be any condition wherein water is removed from the agglomerate, in the case where the agglomerate 
ed to quickly remove water at a temperature as low as possible, considering the 




J of the packed bed; a regeneration step wherein the contact of the air and the packed bed Is interrupted, the pressure in 
the packed bed Is reduced to desorb the adsorbed nitrogen and to evacuate it; and a pressure-regaining step wherein 

PSA apparatus for separating the air comprises a plurality of adsorption beds, usually 2 beds or 3 beds. The air Is sup- 
plied from a blower or a compressor. As water in the air may inhbit adsorption of nitrogen, it is necessary to remove 
< water in the air before the air is introduced to the packed bed. The air is dehumidified usually to the dew point of -50'C 
or lower. The temperature of the air has a close relation with performance of the adsorbent, and the air may be healed 
or cooled in order to obtain an adequate performance of the adsorbent. However, it is usually from about 15 to about 
35*C. 

[0047] The higher the adsorption pressure in the adsorbing step, the higher the amount of nitrogen adsorbed. Con- 
> sidering the loading to the blower or the compressor which supplies the air. the adsorption pressure may be within a 
range of from 760 Ton- to 1,520 Torr. 

[00481 The lower pressure in the regeneration step is preferred since more nitrogen can be desorbed. Considering 
the loading to the vacuum pump, the regeneration pressure may be within a range of from 1 00 Tbrr to 400 Tbrr. 

-• ■■ 'he adsorbing step is used, if 
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concentrated oxygen gas back to the packed bed counter-currently K> Die air for the initial period of about 1 to about 5 
seconds alter the adsorbing step started. The return pressure may be within a range of from 400 Torr to 800 Totr. 
[0050] With regard to the adsorbent for separating gases of the present invention, the average diameter of the macro- 
pores Is equal to or larger than the mean free path of the absorbable component when desorWng the absorbable com- 

5 portent from the adsorbent, and at least 70% of the total volume of the macropores la occupied by macropores having 
a diameter equal to or larger than the mean free path of the absorbable component. Therefore, the diffusion rate of the 
absorbable component in the inside of the macropores during desorption under reduced pressure is particularly high, 
and the utifcation ratio of the adsorbent for separating gases is high. Further, it Is considered that the adsorbent for sep- 
arating gases of the present Invention is excellent In physical strength properties since pores having a relatively small 

in pore diameter are suitably Incorporated among macropores in addition to pores having a relatively large pore diameter. 
[0051] The adsorbent tor separating gases of me present Invention Is more effective for separating the air by PSA 
method. Therefore, the amount taken out and the recovery ratio of the concentrated oxygen gas are high when the air- 
separation by PSA method is conducted, and ft is possible to reduce the electric power consumption rate when operat- 
ing the PSA apparatus. 




[0056] By using a testing device for air-separation performance as illustrated in Figure 1 , air separation tBSt was con- 
ducted as fellows. About 2 I of adsorbent for separating gases was packed in adsorption bed (13) and (14). While an 
adsorption bed (13) was in the adsorbing step, the air compressed by a compressor (1) was dehumidified by a dehy- 

so dialing bed (2), the pressure was reduced by a pressure reducing valve (3) to from 0.5 to 0.6 kg/crrfa, and solenoid 
valves (5) and (7) were kept open to flow the air through 1tiB adsorption bed (air temperature: 25"C). The obtained con- 
centrated oxygBn gas was reserved in a product tankfl 7), and the amount of fhe concentrated oxygen gas taken out 
was adjusted by a mass flow meter (18). The pressure at the final of the adsorbing step was constant at 1 .4 aim. While 
thB adBorpo'on bed (13) was in the regeneration step, the solenoid valves (S) and (7) were closed, an solenoid valve (6) 

ss was kept open, and pressure in the inside of the adsorption bed was reduced by a vacuum pump (20). The final pres- 
sure at the final of the regeneration step wae constant at 250 Torr. While an adsorption bed (13) was in the pressure- 
regaining step, the solenoid valve (6) was closed, an solenoid valve (8) was kept open, and the pressure in the inside 
of the adsorption bed was regained by the concentrated oxygen gas in the product tank (1 7). The pressure at the final 
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of the pressure-regaining step was constant at 500 Torn The pressure was measured by a pressure gauge (1 5) (ior or 
adsorption bed (14), a pressure gauge (16) was used). Then the absorbing step was conducted in the pressure 
regained adsorption bed (1 3), and these steps were successMy repeated. The time for the adsorbing step, the regen 
eratJon step and the pressure-regaining step were 1 minute, 30 seconds and 30 seconds, respectively. The operation! 
of the solenoid valves were controlled by a sequencer. 

[0057] The same steps are conducted in an adsorption bad (14). In order lo continuously take out the co 



bed (1 3) was in the adsorbing step, and the adsorption bed (14) was in the adsorbing step while the adsorption bed (1 3) 

*entratlon of the concentrated oirygen gas was measured by an oxygen meter (19) after the value 
and the precise amount of Bib concentrated oxygen gas flowing (hereinafter referred to as amount of 
ined from the value measured by an integrating flow meter (21). And the amount of exhausted gas 
step (hereinafter referred to as amount of exhausted 
Each amount of gas was m( 




ep(P) which an 
air by PSA me ■ 1 

>rs by heat-absorbing In thedesorhing step, thus lead- 
is temperature for calculating the mean Ire 

™°f9as 

Introduced may bB employed. In the present Example, the temperature of the adsorption bed was employed. 



: bya hardness meter (produced by KIYA SEISAKUSYD LTD., type: 
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ed by these 



Attrition rata (wt%) - (X/50)x 100 



ith a method using an apparent density apparatus as stipu- 
d mature was put in a polyethylene cup of V rrt ) so that the cup was heaped with 
ed mixture was scraped off by a linear spatula, and then the weight of the cup having 
as measured to the unit of 0.1 g, and the bulk density was calculated by the fallowing 



BufkdensHy (kg//) = (W2-W1)/V 



so [0066] The water content was measured in accordance with the test method by coulomatrio titration as stipulated in 
JIS K-0068, by using Karl Fischer moisture meter (produced by MITSUBISHI CHEMICAL CORPORATION, moisture 
measurement meter .CA-06 type, electric furnace :VA-21 type). The electric furnace was set to 400'C. From about 400 
to about 500 mg of the activated test sample was precisely measured quickly, the test sample was put in the sample 
boat in the electric furnace, and water was vaporized under flowing dry nitrogen at 300 ml/min. The water content was 

25 obtained by the following formula from the amount of the test sample (S. unit: g) and the amount of water obtained from 
coulometric titration (G, unit: ag). 

Water content (wt%) = Q/(S x 10 e )x 100 



[0067] Synthesis of LSX zeolite was conducted by a known method. To a stainless container for reaction having an 
Internal volumB of 20 1, 3,888 g of aqueous sodium aJuminate solution (Na^O = 20.0 wt%, Al £ 0 3 = 22.S wt%). 7.923 g 
of water, sodium hydroxide (purity 93%) and 1 ,845 g of special grade chemical potassium hydroxide (purity 35%) were 
35 put and cooled under stirring at 60 rpm (solution a: 5"C). Toa polyethylene container having an internal volume of 10 
I. 7,150 g of aqueous sodium silicate solution(Na 2 0 ■ 3.8 wt%. SKD 2 = 12.6 wt%) and 1,176 g of water were put and 
cooled (solution fe: 10°C). The solution a was put into the solution a over a period of about 5 minutes under stirring. The 
solution after mixed was transparent. Stirring was kept about 20 minutes after completion of putting solution b_. Then, 
the temperature of water bath was raised to 36"C. As soon as the solution turned cloudy, stirring was stopped, the sBr- 

[0068] Then, the temperature of water bath was raised to 70"C. and crystallization was conducted for 20 hours. The 
obtained crystal was subjected to filtration, adequately washed with pure water, and dried overnight at a temperature of 
80°C. As a result of X-ray analysis, the structure of the obtained crystal powder was faujasite monophase, and had a 
purity of at least 98%. Further, as a result of ICP emission analysis, the composition of the obtained crystal powder was 

4S o.TaNajO • 0.26K 2 O ■ AljOa • aoSiOj, and it is confirmed that the crystal powder was LSX zeolite. 

[0069] The LSX zeolite powder and 20 parts by weight of attapulgite clay based on 100 parts by weight of the LSX 
zeolite powder were mixed and kneaded by MIXMULLER MIXING MACHINE (produced by SINTOKOGIO. LTD., type: 
MS&05S). while suitably adding water. Finally, 65 parts by weight of water based on 100 parts by weight ot the LSX 
zeolite powder was added, followed by kneading, me bulk density of the obtained kneaded product was 0.85 kg//. 

M [0070] The kneaded product was stirred and formed Into beads having adiameter of frrw 1.2to 2.0 rnrn, byUade 
agitation granulater HENSCHEL mixer (produced by MiTSUI MINING COMPANY, LTD., type: fWI-750), which was 
then granulated by using MARUMERIZER EXTRUDER (produced by FUJI FAUDAL CO., LTD., type: O-1000), followed 
by drying overnight at a temperature ot 1 fWC Then, the agglomerate was calcinated for 2 hours as a temperature of 
600-C under flowing the air by using a horizontal type tube furnace (produced by ADVANTEC), to calcinate attapulgite 

55 day. Then, It was cooled In atmosphere, and moisturized so that the water content is about 25%. 

[0071] The agglomerate was packed in a column of 70 mrn0 x 700 mm (length), and an aqueous solution having 

exchanga Then, the agglomerate packed in the column was adequately washed with pure water, and taken out from 
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the column, followed by drying (Or 16 hours at ; 
[0072] Then, the agglomerate was subjected to i 
by ADVANTEC) (Or 1 hour as a temperature i " ~ 




EXAMPLES 0,5 and 6 



' EXAMPLE 7 
[0076] Thesa 

are shown in Table 3. 



3d in Examples 1.2 or 3, 



in Example 1 were conducted, except that 15 parts by weight of sepioSte clay was 
asuing the pore volume, the pore surface area, the crush strength, the attrition rats 
~* ' " ' " * o* the obtained adsorbent for separating gases 




out from the tube furnace and cooled to 400"C. sealed in a l 
wrapped, and left to cool to room temperature. The water content and the amount of nitrogen adsorbed o 
for separating gases thus prepared were evaluated. The measurement results are shown in Table 5. 



ne operations as in Example 16 we 
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COMPARATIVE EXAMPLE 1 

[0081 } The same operations as in ExamplB 1 were conducted except that the bulk density ot the adsorbent after 
kneaded and mixed was 1 .8 kg//, and forming was conducted by using MARUMERIZER (produced by FUJI PAUDAL 

CO.. LTO., type: Q-1000) alone. The mer -" • • - 

Table 1. 

COMPARATIVE EXAMPLE 2 

The same operations as in Example 1 1 




COMPARATIVE EXAMPLES 7 to 18 

10085] The same operations as In Examples 7 were conducted except that the type ai 

bindar were changed as shown In Table 4, to prepare an adsorbent for separating gase_. 

kneaded product was measured by the above method, and found to be within a range of from 0.84 to 0.90 kg//. The 
results of measuring the pore volume, the pore surface area and the amount of nitrogen adsorbed (adsorption temper- 
ature: - 1 0'C) of the obtained adsorbent for separating gases were shown in Table 4. 

COMPARATIVE EXAMPLE 13 



[0087] With regard to each adsorbent for separating gases shown In Examples 1 to 6, the average pore diameter of 
> the macr epores was larger than the mean free path of nitrogen under ZSO Torr under which nitrogen was desorbed dur- 
ing the air-separation by PSA process, and at least 70% of the total porB volume was occupied by the pores having a 
pore diameter of equal to or larger than the mean free path, and the diffueivrty in the macropore under condition of 2S0 




. is. the air- 
as tower as compared with the adsorbents in Examples. With regard to each adsorbent for 
Mratlve Example 2, 3 or S, 6, although the average pore diameter of the macropores was 
larger than the mean free path under 250 Torr, less than 70S, of the total pore wlume was occupied by the pores having 
a pore diameter of equal to or larger than the mean Ires path, and the air 



ter content of at mosl 0.8 wt*. had a higher amount of nitrogen adsorbed, and were thus prefer- 
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Examples 


Type of day 
used 


Amount of 

(partsby 
weight) 


Pore volume 

[<m 


Poresur- 
facearea 
0 


Crush 
strength 
(Hot) 


Attrition rata 
(%) 


Amount of 

admrbedf 
10'Q{Npc/g 


7 


Sepiolite 


15 


0.31 


21.9 


1.5 


0.1 


32.0 


8 


SepioTrte 


15 


0.31 


22.7" 


1.S 


0.2 


31.5 










28.2 


1.9 


0.1 


30.8 




Sepiolite 






281 






30.6 




Sepiolite 


25 










29.9 


12 


Attapulgite 
















Attapulgjle 


20 






1.8 




30.0 




Attapulgite 


20 


0.28 


261 


1.9 


0.1 






Attapulgite 


25 




35.1 


2.3 






The amount of day used (parts by wsighl) is based on 1 


XI parts by weight of zeolite. 







Amount of day 
used (parts by 



"me amount of day used (parts by we'sht) is based 



is larger than the mean free path of 
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least 70% of the total macrapore volume is occupied by pores having a pore diar 
ol equal to or largBr than the mean free path of the aosorbable component. Therefore, the diffusion rate of the act 
able component in macropores during desorption under reduced pressure is high, and the utilization ratio of the act 
ent Is high. Further, by suitably incorporating pores having a relatively small diameter, it is excellent In strs 
properties. The adsorbent tor separating gases ol the present invention is more effectively used when It is excha 
with lithium cations, and it is used for separating the air by PSA method- Therefora, when separating the air by 
method, the amount ot the concentrated oxygen gas taken out and thB recovery ratio are high, and it is posst 
reduce the power consumption when operating the PSA apparatus. Further, according to the process of the prs 
imention, ft is possible to easily obtain an adsorbent tor separating gases. 



. An adsorbent for separating gasas, 

a SiCtyAljQj molar ratio of from 1.9 to 2.1. wherein the av 
larger than the mean free path of an aosorbable componen 
adsorbent, and at least 70% of the total volume of the macropores is occupied by ms 
equal to or larger than the mean free path of the adsorbabte component 

. The adsorbent for separating gases according to Claim 1, wherein the macropores 



. The adsorbent for separating gases according to Claim 1 or 2, wherein the purity ot the crystaline low-silica fauja- 
site type zeolite is at least 90%. 

. The adsorbent for separating gases according to any one of Claims 1 to 3. wherein the binder is sepiolite day 
and/or attapulgite day. 

. The adsorbent for separating gases according to any one of Claims 1 to 4. which is in the form of beads. 



8. A process for producing an adsorbent for separating gases as defined in any one of Claims 1 to 7, which comprises 
adding water to a crystalline low-silica faujasrte type zeolite witti a Si<VAI 2 0 3 molar ratio of zeolite crystal of from 
1.9 to 2.1. and from 5 to 30 parts by weight of a binder based on 100 parts by weight of the crystalline low-silica 
J - - J so that thB bulkdensity is from 0.8 to 1.0 kgtt, folowad by kneading, agglomerating. 
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1 5- The process for separating nitrogen gas-oxygen gas according to Claim 14, which is operated by an adsorbing step 



gen from the outlet of the packed bed; a regeneration step wherein th« 
interrupted, and the pressure in the inside of the packed bed is reduced to desorb adsorbed nitrogen and to evac- 
uate it: and a pressure-regaining step wherein the inside of the packed bed is pressurized by coi 
obtained in the above, adsorbing step. 



PAGE 39140 ' RCVDAT 1122(2004 11:27:09 AM [Eastern Standard Time]' SVR:USPTO-EFXRF-1/0 * DNIS:B729306 * CSID:502 589 4994 * DURATION (mm-ss): 12-52 



@040/040 




PAGE40/40* RCVD AT 1/22/2004 11:27:09 AM [Eastern Standard Tmie] * SVR:USPTO-EFXRF-1/0 1 DN!S:87293D6 " CSID:502 589 4994 * DURATION (mm-ss):12-52 



